Basic formulae governing thermal flow in watercooled solids are qiven. By calculating the heat dissipation at room temperature of the LEP accelerating cell with the program SUPERFISH and then using this as input to the thermal analysis program DOT, the surface temperatures and losses at full power have been estimated.
Introduction
The required circumferential RF voltage of 400 MV for Phase 1 of LEP operation will be provided by 128 coupled cavity units consisting of accelerating cavities (with Q values of about 41000) and low-loss storage cavities (with Q values around 164000). This data is in general rationalized by expressing the empirical relationships in terms of dimensionless groups which establish a certain logical grouping of the variables.
Most of the given dimensionless groups encountered in convective heat transfer analysis are given in reference 2, together with their physical significances.
In the special case of heat transfer between a moving fluid and a solid surface the following simple relationship proposed by Newton in 1701 is used:
heat flow per unit area surface heat transfer coefficient temperature of the wall usually the bulk fluid temperature.
(1)
The surface heat transfer coefficient h is usually found in the literature hidden in the dimensionless Nusselt number which for flow of water of thermal conductivity k in round tubes of diameter D is
The value of h is influenced considerably by the velocity profile of the fluid close to the solid boundary; this in turn depends on whether the flow is laminar or turbulent.
The flow regime is determined by the Reynolds number NRe.
For forced flow of water in round tubes and NRe < 2300 laminar flow exists over the entire cross-section, whereas for NRe > 10000 a well-established turbulent flow can be assumed.
In order to obtain qood cooling one normally chooses a turbulent flow for which the following empi- Fig. 1 ). The complete five-cell structure has 11 parallel cooling circuits, one for each disc and cylinder.
In order to obtain an upper limit on Usinq equation (1) the heat flow into the water from an annular area 2tpdp of the surface (see Fig. 1) for the model is QM 2irpdp qm h(p)2itpdp (Tl-T2).
whereas for the real disc it is Q = 2pdp qD hD 24-n d dp(T1-T2)D (6) 
Assuming the heat flows and temperature differences to be equal for the model and the real disc, one obtains from (6), ( The 25 kW is distributed as shown in Fig. 2 . The temperature distribution resulting from this analysis is given in Fig. 3 .
The profile is rather uniform, the differences being not more than 8°C. There are no real 'hot points'. It is interesting to note that due to the good cooling in the discs the nose cones have moderate temperatures with a peak value of 40.60C and that the hottest region at 44.49C is the region between the cooling pipes on the cylinder. From the temperature distribution one can recalculate the wall losses to a good approximation from the tangential magnetic fields calculated with SUPERFISH using the following temperature-dependent relationship for the electrical conductivity. The values of dissipation in the nose cones were calculated from SUPERFISH.
The measured PEP nose cone temperature was 139'C.
An experimental estimation of loss in shunt impedance on the LEP prototype accelerating cavity was made by G. Geschonke from loaded-Q measurements at 20PC and at the operating temperature of the cavity.
Although the accuracy of the measurement does not enable a precise value to be quoted, the loss was found to be in the range 2-8o,.
